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The effect of bias polarity on the electrical breakdown behavior of the single ZnSe nanowire (NW) in the metal–semiconductor–metal (M–S–M)
nanostructure under high current density and high bias conditions has been studied in the present paper. The experimental results show that the failure of
the ZnSe NW in M–S–M nanostructure was sensitive to bias polarity since the NW commonly collapsed at the negatively biased Au metal electrode
due to high Joule heat produced in NW at the reversely biased Schottky barrier. Thus, the electrical breakdown behavior of the ZnSe NW was highly
dominated by the cathode-controlled mode due to the high resistance of the depletion region of ZnSe NW at the reversely biased Schottky contact.
& 2014 Chinese Materials Research Society. Production and hosting by Elsevier B.V. All rights reserved.
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The semiconductor nanowires (NW) with novel and distinct
properties have promising applications in electronic devices,
including transistors, memory, interconnects and gas or/and
biosensors [1–6]. Most prototypes of the semiconductor NW-
based nanoelectronics have metal–semiconductor NW–metal
(M–S–M) nanostructures, leading to two metal–semiconductor
(M–S) nanocontacts. The transport properties of the M–S–M
nanostructure have been investigated intensively and the
current–voltage characteristics of such M–S–M nanostructures
are mainly dominated by the properties of the M–S contacts.
The functionality of M–S–M nanostructure is also determined
by the current transport mechanism of the M–S contact. More
effort has been made in order to explore the current–voltage10.1016/j.pnsc.2014.03.011
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devices based on the M–S–M architecture [7–13]. One of the
current-driven phenomena in these M–S–M nanostructures is
Joule heat dissipation due to high current density in the NWs
with very tiny diameter. Joule heat dissipation results in
obvious self-heating in the M–S–M nanostructure. Although
the self-heating can lead to the structure degradation or/and
even failure of M–S–M nanostructure beyond the tolerable
temperature, which can be observed by in situ TEM observa-
tion [14–20], it also has important application in nanoscale
alloying at the M–S nanocontact and nanoscopic sensor
technology [21–24], for example, Joule effect can heat the
tiny mass of the individual semiconductor NWs up to optimum
temperatures for gas sensing applications. Since the self-heated
NW sensor device does not require an external heater, Joule
effect can be used for fabrication of nanoscopic sensors operable
at room temperature with ultra small power consumption.
The high current density can cause electrical breakdown of
semiconductor NW due to self-Joule heating and cause severely
detrimental consequences on performance of nanodevices. Conse-
quently, electrical collapse of the semiconductor NW is one of the
major factors limiting the working current density and output-
power density of the nanodevices. Therefore, improvement ofElsevier B.V. All rights reserved.
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Fig. 1. Top view of the front part of the HS100 STM-Holder consisting of the
sample holder, the TEM–STM head and the TEM stage, the TEM–STM head
is ﬁtted to a modiﬁed TEM stage that is hollow and houses the wires of the
TEM–STM head. The sample holder is mounted at the extremity of the TEM–
STM head.
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is required for enhanced performance of nanodevice based on
the M–S–M nanostructure. Some experimental investigations
on electrical failure of ZnO, SnO2, TiO2, GaN NWs, C and BN
nanotubes and Ag NW have been reported for properly under-
standing their electrical failure behaviors [15–20]. The differ-
ent collapse behaviors of the Ag NW broken near the metal
electrode and GaN NW burned at the midpoint were explained
based on the electromigration and the thermal evaporation or
decomposition mechanisms, respectively due to their different
thermal and electrical properties [16]. The electrical break-
down of ZnO and TiO2 NWs with the pearl-like nanosphere
characteristics are attributed to a joint effect of high electrical
ﬁeld and self-Joule heating [17,18]. These reported failure
behaviors are widely scattered and highly material-dependent
because the observed failure behavior of the NWs is dependent
on both the chemical and physical natures of the individual
NWs. Although the different electrical breakdown behaviors of
the individual NWs explored in the literatures can be explained
based on the different mechanisms due to their varied chemical and
physical natures, the bias condition may also have important role in
the electrical failure modes. Obviously, it is important to relate the
electrical failure behavior and bias condition for improvement of
the performance of the semiconductor's NW-based nanoelectronics.
However, there is still lack of the experimental evidences about
effect of the bias polarity on the electrical failure behavior of
semiconductor NW.
In the present study the electrical breakdown characteristics
of the ZnSe NW explored in situ by Joule heating experiments
inside TEM have been presented. The observed electrical
failure characteristics revealed that the current-induced failure
of the ZnSe NW mainly happened at the reversely biased
Schottky contact where the ZnSe NW burned due to the high
resistance of the depletion region close to this cathode contact.
The observed failure behavior can be attributed to the cathode-
controlled mode. A nanosphere on the burned ZnSe NW
indicates that the electrical failure was mainly dominated by
melting and thermal evaporation mechanism during self-Joule
heating.
2. Experimental details
ZnSe NWs were grown on GaP (111) substrates in a VG
V80H MBE system (UK) dedicated to ZnSe-based II–VI
growth in a single chamber. The substrate was deoxided in
the MBE chamber at 610 1C prior to the growth of the ZnSe
NWs. A thin Au layer was deposited on the substrate at 150 1C
by sputtering in order for acting as the catalyst droplet
generated by annealing at 530 1C. Finally, ZnSe NWs were
grown at 530 1C using a ZnSe compound-source effusion cell.
These synthesized NWs were used in electrical failure experi-
ments via in situ Joule heating. These experiments were
conducted inside the chamber of a JEOL-2010 conventional
TEM operated at 200 kV using a special designed TEM
sample holder (model: HS100 STM-Holder) with a scanning
tunneling microscope (STM) unit. Fig. 1 shows top view of the
HS100 STM-Holder consisting of a STM tip holder ﬁtted toa modiﬁed TEM stage. A metal ball supporting the tip holder
is attached to one end of the piezo-electrical tube, which
allows nanometer motion of the STM tip toward the sample. A
small brass hat (tip-holder hat) with spring-legs resting on the
metal ball can slide against the metal ball and accommodates
an STM tip. The tip is inserted into a small hole with inner
diameter of 0.3 mm at the center of the tip-holder hat and held
by friction inside the hole. The sample holder allows using a
piece of metal wire as a sample wire, which faces the tip and is
held by static friction in a platinum tube. In present study both
the STM tip and the sample wire were made of Au wire with a
diameter of about 0.3 mm in order for elimination of effect of
the different metal electrodes on the electrical failure char-
acteristics of the ZnSe NW. In order to make the STM tip as
sharp as possible one end of the Au wire was etched by Ar ion
bombardment at a glancing angle of 51 and accelerating
voltage of 4 kV using precision ion polishing system (model
691) supplied by Gatan company. Then the prepared Au tip
with the desired length was inserted in the small hole at the
center of the tip-holder hat. One end of the sample wire was
mechanically pressed by a clipper and the ﬂatted surface was
resulted. Individual NWs were transported to the surface of the
ﬂatted end of the sample wire through smooth mechanical
scratching of the ﬂatted end of the sample wire on the GaAs
substrate, which resulted in a lot of ZnSe NWs freely standing
on this wire. The sample wire about 5 mm long was mounted
to the sample holder in the same way as the Au tip mounted to
the tip-holder hat, leading to the ﬂatted end pointed to the STM
tip. The electrical ﬁeld forms between the Au tip and the Au
sample wire when a bias voltage is applied to the Au tip, and
this electrical ﬁeld can be changed in the opposite directions
when a positive and a negative bias voltages are, respectively,
applied to the STM tip using the NanofactoryTM software. The
Au sample wire can be replaced by simply pulling the old
sample wire out of the Pt tube and by pushing the new one into
the tube. The Au tip can also be replaced in the same way as
replacement of the sample wire. The lengths of both the
sample wire and the STM tip were adjusted so that the tip can
easily reach the sample wire. The sample wire and the STM tip
should be aligned and brought as close as possible under an
optical microscope (Nikon SMZ-2B) at a magniﬁcation of 40.
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chamber the distance between the Au tip and the Au sample
wire was mechanically pre-adjusted to about 20 μm under an
optical microscopic inspection. In order to study the effect of
bias condition on the electrical failure characteristics of the
ZnSe NW, the positive and negative bias voltages were applied
to the STM tip, respectively, during in situ Joule heating
experiments.3. Results and discussions
The microstructure of the prepared ZnSe NWs was char-
acterized by high resolution TEM before in situ Joule heating.
The defect-free and imperfect NWs were observed and are
shown in Fig. 2a and b, respectively. These NWs mainly grow
along the [111] direction. It has been reported in literatures that
preferring growth direction of ZnSe NW with diameter larger
than 20 nm is along the 〈111〉 axis [19]. Usually, 〈111〉
direction is the universal longitudinal axis for NWs with cubic
structure since it is perpendicular to the {111} closest plane ofFig. 2. High resolution TEM images depicts the microstructure of ZnSe NW:
(a) perfect crystal structure and (b) presence of multiple (111) stacking faults.cubic structure. Such a growth direction commonly results
from VLS growth, as it is regulated by the low interfacial
energy between the closest packed planes and the liquid alloy
[20,21]. Fig. 2b shows the NW consisting of some stacking
faults perpendicular to the growth direction. Only the stacking
fault have been observed in the imperfect NWs, which
coincides with the reported experimental results that {111}
stacking faults present in the ZnSe NWs have diameter larger
than 20 nm [19]. A single {111} stacking fault alternates the
stacking sequence from abc to cba, leading to twin orienta-
tions. The {111} stacking faults does not change the distance
of nearest neighbor atoms and the band structures are the same
at the both sides of this stacking fault except their stacking
sequences. Consequently, the band structure is continuous
across the interface of the stacking faults. Although symmetry
of the band structure also accords with the crystal structure, the
conductivity measured in different directions of single silicon
semiconductor will always give the same result. Thus, the
grand total conductivity of single crystal semiconductors is
isotropic in spite of the anisotropy in the energy (as a function
of reciprocal lattice vectors) curves [22]. As a result, {111}
stacking faults in single ZnSe crystal do not affect their
electrical transport at all. In fact, ZnSe has two phases, namely
cubic zinc blende and hexagonal wurtzite. The electrical
properties of these two crystal structures are practically
identical because they have the same bond length, bond angle
and density [22]. In semiconductors, heat is mainly conducted
by phonons which must be accommodated with the crystal
lattice. Thus, thermal resistance in semiconductors results from
scattering of phonons due to lattice alternation or mismatch at
the interface. Dislocations in a solid can cause lattice distor-
tions around the dislocations, leading to phonons scattering by
such lattice distortion around the dislocations. Therefore,
dislocations can increase thermal resistance and block Joule
heat. However, coherent interface at the {111} sacking fault
does not lead to lattice distortion and has no effect on
scattering of the phonons. It can be predicted that transport
of phonons due to Joule heating is not affected by presence of
the {111} stacking faults in ZnSe crystal based on above
judgment. Because dislocations were not found in the char-
acterized ZnSe NWs, consequently, no matter whether ZnSe
NWs are with or without {111} stacking faults they will give
the same results during in situ Joule heating.
After the specially constructed piezodriven manipulation
HS100 STM-Holder was inserted into the TEM chamber, the
sample wire containing the ZnSe NWs was delicately posi-
tioned at the center inside a pole piece gap of the TEM by
shifting the sample holder horizontally. The isolated single
NW freely standing on the sample wire was selected to be
touched by the STM tip with the sharp front end under TEM
inspection. Fig. 3a shows a single ZnSe NW connected to the
STM tip, where the good electrical contacts are formed
between the NW and the two Au metal electrodes and through
which the electrical circuit was realized. The current–voltage
(I–V) relation was measured before Joule heating experiment in
order to know Schottky barrier at the M–S contacts and
conductive mechanisms. The NanofactoryTM SU1000 controller
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Fig. 3. (a) TEM micrograph shows the ZnSe NW touched to two gold electrodes to make an electrical connection and (b) the measured I–V characteristic. (c) and
(d) are the TEM images showing the morphology of the electrically broken ZnSe NW when the STM tip under the negative and positive biases, respectively. The
electrical breakdown of ZnSe NW is always found to appear at the cathode and, thus, is bias polarity-sensitive.
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used as a direct current power supply for measuring I–V
characteristics and Joule heating, respectively. Interval of the
applied bias is 0.04 V and total 500 current values were measured
for the applied bias voltage ranging from 10 V to 10 V. In
order to get rid of the effect of electrical instability possibly
resulting from adjustment of the applied bias voltage during the
measurement, the current was measured after the applied bias was
adjusted to the designed voltage value and stabilized for 50 μS
and another 50 μS was used for collection of one current value.
The electron beam was turned off during the electrical measure-
ment in order to increase the accuracy of the measured values.
Fig. 3b shows a typical I–V relation recorded for the Au–ZnSe–Au
nanostructure, in which a roughly symmetrical characteristic
with respect to zero bias can be clearly recognized. This
nonlinear relationship between the current and the applied bias
voltage is demonstrated obviously in this measurement. An
obvious plateau with nearly zero current extends from the
positive bias region to the negative bias region, which implies
the existence of the Schottky barriers at the two Au–ZnSe
nanocontacts that suppress the current for electron transport.
The characteristics of this asymmetrical I–V curve are consistent
with a thermionic-ﬁeld emission mechanism because no current is
detected between the threshold bias voltages ranging from about
2.0 to 1.8 V. Usually, the threshold bias voltage in the
measured I–V curve is proportional to the Schottky barrier height
since the current is detectable only after the voltage drops at the
Schottky barriers become saturated. The different threshold bias
voltages imply the two Au–ZnSe nanocontacts with the different
barrier heights. In fact, the Schottky barrier heights at Au–ZnSe
nanocontact depend on the interface states which have been
found to pin Fermi level to discrete values ranging from 1.36 eV
to 2.10 eV within the band gap of ZnSe crystal and the thresholdvoltages detected in Fig. 3b coincide to the reported data [14,15].
The negative voltage region in Fig. 3b means that the STM tip
is cathode, whereas the STM tip becomes anode in the positive
voltage region. Then this NW was investigated in situ using
current-induced Joule heating developed by different research
groups [16–18,23–31]. Since it is difﬁcult to measure the
temperature proﬁle along the ZnSe NW during the Joule
heating, the electrical collapse of the NW has been intention-
ally induced and investigated in situ by TEM inspection for
understanding the failure characteristics. Two Joule heating
processes were designed in order to study effect of bias polarity on
the failure mode of M–S–M nanostructure. First, a negative bias
voltage was applied to the STM tip in Fig. 3a. In this case, the
STM tip was the cathode and the Au sample wire was anode. The
electrons ﬂow from the STM tip to ZnSe NW during Joule heating.
A single electrical pulse with duration of 50 μs was applied for
every heating cycle and an incremental bias voltage of 0.2 V
between two successive electrical pulses was set. Joule heating was
conducted at voltage ranging from 5 to 50 V until the failure of
ZnSe NW. As shown in Fig. 3c, the collapse characteristic of the
ZnSe NW after electrical pulse annealing is clearly seen. The NW
was thermally destroyed at the position near to the cathode and
only a short segment remained at the STM tip. A nanosphere on
the tip of the burned ZnSe NW indicates that the melting of the
ZnSe NW together with the thermal evaporation happened
simultaneously during Joule heating process. This morphology of
the broken NW strongly suggests that the hot point during Joule
heating appeared in the NW near to the M–S contact of the
cathode. Because thermal conductance of Au electrode is much
better than ZnSe NW, Joule heat produced at Au–ZnSe NW
nanocontact can escape to the Au electrode, resulting in the lower
temperature at the nanocontact than that at the depletion region of
ZnSe NW. Consequently, ZnSe NW ﬁrst fails at the depletion
EF EF
EF 
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− −
Vacuum level
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n-type ZnSe 
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Fig. 4. Schematic drawings illustrate the energy band for a metal with work
function larger than that of an n-type semiconductor before (left panel) and
after (right panel) they are contacted to each other (a). The potential barriers at
the metal–semiconductor interface in right panel are indicated by heavy lines.
Variation of the bands bending at the metal–semiconductor contact under
forward (left panel) and reverse (right panel) bias conditions (b). The heavy
dash lines denote the Fermi levels of Au without the applied bias.
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at the nanocontact is comparable to that in the depletion region of
ZnSe NW. In our previous study it has been shown that more Joule
heat will be produced at the Au–ZnSe NW nanocontact if current-
density at the nanocontact is much larger than that in the NW due
to the contact area between the Au electrode and ZnSe NW which
is much less than the cross-sectional area of NW [26]. In this case,
interfacial chemical reaction and solid welding of ZnSe NW to Au
electrode due to melting of Au metal happened instead of electrical
failure of ZnSe NW. Breakdown of the NW was much faster than
the video rate of the charge-coupling devices (CCD) camera
equipped with the TEM and thus it is too hard to capture initial
stage of the ZnSe NW collapse.
Second Joule heating cycle was conducted at the same ZnSe
NW by moving the STM tip to touch the broken ZnSe NW
again, leading to formation of the M–S–M circuit. During this
Joule heating process a positive bias voltage was applied to the
STM tip in order to study the effect of bias polarity on the
failure characteristics. In this case the STM tip was anode and
sample wire was cathode because the bias polarities of the
STM tip and the Au sample wire were reversed with respect to
that of Fig. 3c. The failure morphology of ZnSe NW is shown
in Fig. 3d where the broken point is found to appear near the
Au sample wire. More than ﬁve NWs have been studied in this
study and the similar failure characteristics were observed. The
consistent failure characteristics in this investigation conﬁrm
that reproducible collapse features of the ZnSe NW in M–S–M
nanostructure with two Schottky M–S contacts are bias
polarity-controlled in nature. It should be pointed out that
the good electrical and thermal contacts between the NW and
two metal electrodes are necessary for revealing the true failure
characteristics since interface barriers can be strongly altered
by interface states at the poor contact and electrical failure may
also be induced near to the poor contact. Based on the
observed failure characteristics the bias polarity-sensitive
collapse of the ZnSe NW coincides with the cathode-controlled
failure mode. Because the single NW in the M–S–M nanos-
tructure was always burned at the cathode electrode, the
electrical breakdown of the ZnSe NW is predictable based
on the polarity of the applied bias voltage and, thus, the bias
polarity can be used in the Joule heating experiments for
controlling the electrical annealing of the ZnSe NW at the designed
M–S contact, e.g. elimination of Schottky barrier at the cathode via
the interfacial reaction between the ZnSe NW and Au electrode has
been reported [25,26].
Generally, if the Fermi energy of the metal is lower than the
Fermi energy of the semiconductor and electrons immediately
ﬂow from the n-type semiconductor into the metal until their
Fermi energies have aligned in a line when they have been
brought into contact intimately to form M–S–M nanostructure.
The electrons ﬂowing into the metal surface result in a
depletion region in the semiconductor and give rise to a space
charge double layer at the M–S contact. Consequently, both
the conduction and valence band edges in semiconductor are
lowered by an amount of φMφS with respect to the original
ones before contacting the metal, where φM and φS represent
work functions of the metal and semiconductor, respectively.The work function is measured from the Fermi energy to the
ionization energy or vacuum level. The band bending is
homogeneous right up to the boundary with metal. The
resultant parabolic barrier is known as a Schottky barrier
[7,32]. The thickness of Schottky barrier is roughly equal to
depletion region at the M–S contact. As shown in Fig. 4a, the
energy barrier for electrons in the semiconductor relative to the
metal is φMφS. The energy barrier's height for electron from
metal to semiconductor is φMφS, whereas χS is the electron
afﬁnity measured from the bottom of the conduction band
bottom to the ionization energy. Since φS is larger thanχS,
φMχS is obviously larger than φMφS. Consequently, the
Schottky barrier at the M–S contact shows two different
resistance states as electrons traverse the contacts in the
opposite directions. Because φMχS is larger than φMφS,
the electrical resistance for electron from the metal to the
semiconductor is larger than that from the semiconductor to
the metal. The resistivity of semiconductor given by ρ¼1/nq
(μeþμh) [33], where n, q, μe and μh are number of carries,
quantity of an electron charge and mobility of electron and
hole, respectively, are inversely proportional to mobility and n,
respectively. Because the depletion region in semiconductor
has fewer free electrons than the neutral region of the
semiconductor, the electrical resistance is increased at the
depletion region of the semiconductor due to decrease of n.
Thus, electrical resistance of a single semiconductor NW
becomes inhomogeneous after it is contacted to a metal
electrode. In fact, these potential barrier heights and the
depletion region can be further varied under different bias
conditions. When a bias is applied to the M–S–M nanostructure,
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applied bias are illustrated in Fig. 4b. The energy levels at the
M–S contact contacted to the positive polarity of the power
supply are increased with respect to the M–S contact connected
to the negative polarity of the direct current source. Thus the
potential barriers for the electron following through the M–S
contacts under different bias conditions are different. When a
negative voltage is applied on the metal electrode, the metal is
charged even more negatively than the case of without applied
bias and electrons in the semiconductor are repelled even more.
Thus, both the potential barrier height and the thickness of the
depletion region are increased. In this case, more electrons in the
depletion region of the semiconductor ﬂow into the metal
electrode, leading to increase of the electrical resistance in the
depletion region. The electrode contacted to negative polarity of
power supply is called reverse-biased (cathode) and at this M–S
contact electrons ﬂow from metal electrode to the semiconductor
during Joule heating. In contrast, both the potential barrier height
and the thickness of the depletion region are reduced when a
positive voltage is applied to the metal electrode, leading to
decrease of the electrical resistance in the depletion region due to
increase of the electron number in the depletion region. As a
result, the Joule heating mainly concentrated in the depletion
region near the cathode contact during electrical annealing.
Because the two Schottky contacts of the M–S–M nanostructure
are arranged back to back in series, in this case, there is always
one M–S nanocontact under forward bias condition and the
other one under reverse bias condition for the current ﬂowing in
this M–S–M nanostructure, leading to electrical failure closely
related to the bias polarity.
It should be pointed out that the depletion approximation
treatment is valid only when the total length of the NW is
much longer than the depletion length associated with the
Schottky barrier [32,34]. The depletion width of a Schottky
barrier can be roughly estimated by the following equation
[35]:
L¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2εðΦsbζeVÞ
e2Nd
s
ð1Þ
where ε and e refer to the static dielectric constant of the
semiconductor and charge of an electron, Φsb, ζ, Nd and V are
Schottky barrier height, the image force, the donor density in
the depletion layer and the applied bias voltage, respectively.
The sign of V is positive for forward bias case and negative for
reverse bias condition. It is known from Eq. (1) that the
depletion width for the reverse bias condition is much larger
than that associated with the forward bias condition at large
bias. The depletion regions are sensitive to the bias polarity
because these regions at the cathode and anode can be changed
by the applied bias. The width of the depletion region also
strongly depends on the Nd and bias condition. More than four
barrier heights ranging from 1.38 V to 2.15 V have been
reported for the gold electrode and bulk ZnSe contact [36,37].
The reported static dielectric constant of ZnSe is about 8.6 [38].
The estimated depletion width can extend to about 20 nm and
200 nm for forwards and reverse bias conditions, respectivelyinside the ZnSe NW with Nd in a range of 10
17
–1018 cm3 at
large bias, which is comparable to the reported depletion width
of Bi2S3 [39]. Thus, the depletion width is much less than the
total length of the NW. Because the depletion width at the anode
is very short based on the estimation in this study and the
reported data [39], the depletion region at the anode is nearly
closed during Joule heating. Compared to the neutral region, the
electrical resistance in the depletion region at the reversely
biased Schottky contact is high. Since the current-induced Joule
heat is proportional to the resistance of a resistor in unit time, the
high electrical resistance in the depletion region at the cathode
contact is normally associated with high dissipation of electrical
energy in the form of heat. Thus, the observed inhomogeneous
burning phenomenon for the ZnSe NW can be ascribed to the
inhomogeneous electrical resistance distributed along the single
ZnSe NW contacted to the two Au electrodes under different
bias conditions. More Joule heat produced in the depletion
region at the cathode contact resulted in high temperature in this
region. As a result, the depletion region at the cathode contact
was the hot spot in the single NW during Joule heating. The heat
ﬂux produced in the depletion region at cathode contact would
ﬂow to the Au electrode and the neutral region, respectively via
phonon transport. Phonon can transport across the M–S interface
via the acoustic mismatch model, which assumes specular
reﬂection of phonons at the interface, and the diffuse mismatch
model, which assumes that all phonons incident on the interface
will be diffusively scattered [40]. The interfacial thermal
resistance depends on the number of the phonons incident on
the M–S contact, the energy carried by each phonon and the
probability that each phonon is transmitted across their interface.
There are the acoustic impedance mismatch and diffuse scatter-
ing mismatch between ZnSe and Au owing to their lattice
mismatch, leading to the remarkable interfacial thermal resis-
tance when phonon is transmitted across the interface. A phonon
at a given frequency in the depletion region of the ZnSe NW
may not be able to proceed into the Au electrode without
scattering with, or into, one or more phonons of different
frequency. This leads to highly efﬁcient trapping of high-energy
phonons in the depletion region and a drastic reduction of the
thermal conductivity at the M–S contact. Due to the larger
acoustic impedance mismatch between ZnSe and Au, it is more
difﬁcult for phonons to pass through their interface and the
temperature discontinuity appeared in the temperature proﬁle
between the NW and the Au electrode.
4. Conclusion
Systematical study of the effect of the bias polarity on the
electrical failure characteristics of the ZnSe NW in the M–S–M
nanostructure showed that self-heating in the ZnSe NW is
sensitive to the bias polarity because the electrical failure of the
NW always happened at the negatively or reversely biased
Schottky contact during current-induced Joule heating. Based
on the observed novel phenomena of the M–S–M nanostruc-
ture collapse, failure behavior of the single ZnSe NW between
two gold electrodes is highly dominated by the cathode-
controlled mode. Because of the current-induced Joule heat
Y. Tan, Y. Wang / Progress in Natural Science: Materials International 24 (2014) 109–115 115highly localized at the cathode contact, the electrical annealing
of the ZnSe NW in M–S–M nanostructure is highly inhomo-
geneous and may have application in local heat treatment of
the semiconductor NWs by controlling the bias polarity of the
M–S contact in order to introduce metal dopant or/and clean
the surface contamination for improvement of connection
between the semiconductor NW and the electrode and further
enhanced the performance of nanoelectronics made of the
semiconductor NWs.
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